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Abstract 
 
"De facto" marine protected areas (DFMPAs) are regions of the ocean that are 
not formal marine protected areas (MPAs), but experience limited human impact 
nonetheless. Although DFMPAs are widespread globally, their potential 
contributions to marine conservation have not been well studied. In 2012 and 
2013, we conducted remotely operated vehicle (ROV) surveys of deepwater 
(40—200 m) marine communities at a military DFMPA and a fished control site at 
San Clemente Island, the southernmost of the Channel Islands in the Southern 
California Bight. We used data extracted from ROV imagery to compare density 
and biomass of ecologically and economically important focal species between 
sites, as well as species richness, Shannon-Weaver diversity, and fish 
community dissimilarity between sites. At the individual species level, DFMPA 
presence was found to be a significant predictor of increased California 
Sheephead (Semicossyphus pulcher) abundance, increased California 
Sheephead biomass, and increased Ocean Whitefish (Caulolatilus princeps) 
biomass. At the community level, however, DFMPA presence was not found to 
be a significant predictor of increased species richness or increased Shannon-
Weaver diversity, and fish communities were not found to be significantly 
dissimilar between sites. Our results likely represent the beginning of a trend 
toward more “pristine” ecological conditions at the DFMPA site, and suggest that 
DFMPAs can provide conservation benefits similar to those of MPAs. This 
concept has far-reaching implications for marine spatial planning efforts in 
California and beyond. 
 
  
 
 
 
 
  
Introduction 
Marine ecosystems currently face a wide variety of threats, from 
overexploitation of marine resources to global climate change (Pauly et al. 2002, 
Worm et al. 2006, Halpern et al. 2008, Lester et al. 2009, Worm et al. 2009). In 
order to more effectively address these complex problems, policymakers 
worldwide are increasingly moving away from piecemeal restriction of individual 
human activities and toward a more holistic, ecosystem-based approach known 
as marine spatial planning (MSP; Botsford 2008, Douvere 2008, Foley et al. 
2010, Halpern et al. 2012).  
The use of marine protected areas (MPAs) to achieve conservation goals is 
a key component of MSP. Globally, MPAs vary considerably in terms of size, 
species and habitats targeted for conservation, and level of restriction on human 
activity. Only a relatively small percentage of MPAs, for example, prohibit all 
extractive activity within their boundaries (no-take marine reserves, or NTMRs, 
Lester et al. 2009). However, despite this variation, restriction of human activity 
has been correlated with increased density and biomass of certain fish and 
invertebrate species, as well as increased species richness and diversity, in a 
great number of MPAs worldwide (Boersma and Parrish 1999, Paddack and 
Estes 2000, Palumbi 2001, Halpern 2003, Micheli et al. 2004, DeMartini et al. 
2008, Lester and Halpern 2008, Lester et al. 2009). Marine communities inside 
MPAs often look vastly different from unprotected communities, due in part to the 
trophic effects associated with increased densities of predatory species 
(Jennings et al. 1996, Babcock et al. 1999, Steneck et al. 2002, DeMartini et al. 
2008). These conservation benefits are generally most pronounced in NTMRs 
(Micheli et al. 2004, Lester et al. 2009).  
 In addition to providing conservation benefits, MPAs can provide economic 
benefits to both extractive and non-extractive users. Benefits to extractive users 
include the replenishment of overharvested stocks, the provision of nursery 
habitat for economically important species, increased fish catch due to spillover 
(in which organisms move from MPAs to unprotected waters), and job creation in 
the fishing industry (Badalamenti et al. 2000, Roberts et al. 2001, Sanchirico et 
al. 2002, Gell and Roberts 2003, Harmelin-Vivien et al. 2008). Economic benefits 
of MPAs to non-extractive users include increased tourism and recreation (e.g. 
boating, diving), especially when the ecosystems protected by MPAs are 
perceived to be unique (Badalamenti et al. 2000).  
 The ecological and economic benefits of MPAs have been well 
documented. However, very little research has examined the potential benefits of 
“de facto” marine protected areas (DFMPAs)—regions of the ocean that are not 
formal MPAs, but experience limited human impact nonetheless. Examples of 
DFMPAs include shipping lanes, areas reserved for military use, and difficult-to-
access waters in remote parts of the world. At last count, there were more than 
1200 DFMPAs in the United States exclusive economic zone, covering an area 
roughly equal to the total area protected by state and federal MPAs (Grober-
Dunsmore et al. 2008). 
 Because DFMPAs are widespread, they may play a critical and heretofore 
unappreciated role in marine conservation. On land, restricted areas such as 
military bases have been shown to contain higher densities of threatened and 
endangered species, as well as higher overall biodiversity, than adjacent areas 
open to public access (e.g. Warren et al. 2007). This phenomenon likely occurs 
in the marine environment as well. Roberts et al. (2001), for example, analyzed 
catch data from several Florida coast fisheries and found significantly higher 
numbers of world-record sized catches in fisheries located near the Merritt Island 
National Wildlife Refuge, access to which is restricted due to the refuge’s 
proximity to NASA’s Kennedy Space Center. Yet despite the fact that spatial 
comparison is a well-established method of assessing MPA efficacy, to date, no 
studies have explicitly compared DFMPAs to fished areas. 
 An understanding of how DFMPAs contribute to the conservation of marine 
communities is essential in the context of MSP. In California, for example, the 
Marine Life Protection Act requires that the state’s system of MPAs be managed 
as an ecologically cohesive network (Carr et al. 2010, Saarman 2013). It is likely 
that DFMPAs make a nontrivial contribution to that network (e.g. through 
movement of adult or larval organisms from DFMPAs to state MPAs), but the 
paucity of information regarding DFMPAs has precluded their incorporation into 
management efforts. 
 San Clemente Island (SCI), the southernmost of the Channel Islands in the 
Southern California Bight (Figure 1), is an ideal location for the study of DFMPAs 
because its waters contain both military restricted areas as well as areas that are 
highly used by civilians for both commercial and recreational activities. SCI has 
been owned and managed by the United States Navy since 1934; it is vitally 
important to support military requirements as many training activities conducted 
at SCI cannot be conducted anywhere else in the world (San Clemente Island 
Integrated Natural Resources Management Plan 2013). However, SCI’s waters 
are also home to highly productive and economically important fisheries, both 
commercial and recreational; the most exploited of these fisheries include Pacific 
Sardine (Sardinops sagax), Swordfish (Xiphias gladius), Market Squid 
(Doryteuthis opalescens), California Spiny Lobster (Panulirus interruptus), and 
Red Sea Urchin (Mesocentrotus franciscanus) (Naval Undersea Warfare Center 
Division 2009, San Clemente Island Integrated Natural Resources Management 
Plan 2013). Civilians also regularly use the waters surrounding SCI for surfing, 
diving, boating, and other recreational activities (Naval Undersea Warfare Center 
Division 2009, San Clemente Island Integrated Natural Resources Management 
Plan 2013).  
 The Navy has exerted substantial effort to minimize conflict and 
successfully coexist with civilians that use the waters surrounding SCI. The 
majority of these waters are open to civilians. Access to areas in which certain 
military training exercises are conducted, however, is highly restricted and in 
some cases prohibited. To safely facilitate multiple use at SCI, the waters 
surrounding the island up to 3 nautical miles in all directions have been divided 
into eight naval safety zones (33 CFR Part 165, Figure 2). The type and 
frequency of military use, as well as associated restrictions on civilian access and 
activity, differ from zone to zone. Two zones (Zone G and Wilson Cove) are 
permanently closed to civilians. The others are only closed when being used for 
military activities that pose a threat to public safety (33 CFR Part 165). The 
presence of both restricted and unrestricted areas at SCI presents a unique 
opportunity for the comparison of ecosystem health between DFMPAs and fished 
sites. 
 We used underwater imagery to compare marine communities at a DFMPA 
site (one of the permanently closed naval safety zones) and at a fished control 
site. Specifically, we examined the following questions: (1) Do densities of certain 
focal species differ between the DFMPA site and the control site? (2) Do 
biomasses of certain focal species differ between the DFMPA site and the control 
site? (3) Do species richness and species diversity differ between the DFMPA 
site and the control site? (4) Are fish communities significantly dissimilar between 
the DFMPA site and the control site? 
 
 
 
 
Figure 1. The Channel Islands in the Southern California Bight. San Clemente is located 30 
km south of Santa Catalina Island and 70 km west of the U.S. mainland. 
 
 
 
Figure 2. Naval safety zones (Zones A—G and Zone W) at San Clemente Island. Zones 
extend 3 nautical miles from shore. The type and amount of military use, as well as 
associated restrictions on civilian activity, differ from zone to zone.  
 
 
 
 
Methods 
 Study site. SCI is located 30 km south of Santa Catalina Island and 70 km 
west of the U.S. mainland. The island is situated in the Southern California Bight, 
a transitional zone between subarctic and subtropical water masses: the 
southward-flowing, cold-water California Current and the northward-flowing, 
warm-water California Countercurrent (Horn and Allen 1978). The unique 
oceanographic conditions in the Southern California Bight support a diverse 
assemblage of marine flora and fauna in a wide variety of habitats (Horn and 
Allen 1978, Murray et al. 1980, Pondella et al. 2005). 
 We compared deepwater marine communities at two sites at the northwest 
corner of SCI: a DFMPA site (Naval Safety Zone G, 118°38'3.259" W, 
33°2'1.831" N) and a fished control site (Naval Safety Zone F, 118°36'8.296" W, 
32°59'27.276" N) (Figure 3). The DFMPA site is used regularly for Navy SEAL 
training, live-fire practice, and other military activity; it has been closed to all 
civilian access since June 2010 (33 CFR Part 165). The control site is open to 
civilians except for occasional closures when military activities are being 
conducted that might threaten public safety. Zone F’s waters are commonly 
fished, mainly by recreational anglers (33 CFR Part 165).  
 Image collection. ROV imagery was collected over the course of two 
week-long cruises to SCI, one in November 2012 and one in November 2013. 
Underwater surveys were conducted at each study site using the Vector M4 ROV 
Beagle, owned and operated by Marine Applied Research and Exploration 
(MARE) and deployed from the F/V Donna Kathleen. ROV configuration and 
sampling protocols were based on previous studies conducted by the authors 
and collaborators (Lindholm et al. 2004, de Marignac et al. 2009, Tamsett et al. 
2010). 
 The Beagle was equipped with five cameras (forward-facing standard-
definition video, forward-facing high-definition video, down-facing standard-
definition video, digital high-definition still, and rear facing safety video), halogen 
lights, paired forward- and down- facing sizing lasers spaced 10 cm apart, a 
strobe for still photos, an altimeter, and forward-facing multibeam sonar. While at 
depth, the position of the Beagle on the seafloor was maintained by the 
Trackpoint III acoustic positioning system, with the resulting coordinates logged 
into Hypack navigational software.  
The Beagle was flown over the seafloor along predetermined transect lines 
at a mean altitude of 1.0 m and a speed of approximately 0.67 knots. Transect 
placement was designed to sample a variety of depths and habitats, and was 
based on a priori analysis of existing physical habitat data (Figure 4). Transect 
length depended on local conditions and the extent of substrate coverage in the 
study area, but was generally about 1 km. While on transect, continuous video 
imagery was recorded from the Beagle’s cameras to digital tape. Still images 
were collected opportunistically along each transect. 
 
 
Figure 3. DFMPA site (Zone G) and control site (Zone F) at the northwest corner of San 
Clemente Island, with the locations of 2012 and 2013 ROV transects shown. 
 
 
  
Figure 4. Close-up views of the DFMPA site (Zone G) and the control site (Zone F). High rugosity areas 
indicate rocky substrate; low rugosity areas indicate sandy substrate. Transect placement was designed to 
encompass a variety of depths and habitat types. 
 
 
Focal species. We conducted between-site comparisons for selected focal 
species with varying habitat associations (rock- or sand-associated) and at 
varying trophic levels (predatory or dwarf species) (Table 1). Species were 
selected for inclusion in these analyses based on the following criteria: (1) 
targeted for monitoring in California due to ecological and/or economic 
importance (California MPA Monitoring Enterprise 2011), (2) sufficiently 
abundant at SCI in 2012 and 2013 to allow for reasonable sample sizes, and (3) 
easily identifiable in ROV video and photo imagery.  
 Data extraction. Each ROV transect was watched multiple times from 
beginning to end. The following data were extracted from forward-facing video 
and recorded directly into a Microsoft Access database for each individual 
organism encountered: time of occurrence, identification (to the lowest taxonomic 
level possible), identification quality, and organism size. Identification quality was 
assessed on a scale from one to five (1 = uncertain and 5 = certain), and 
represented our measure of confidence for organism identifications based on 
factors such as the position of the organism in the video or photo frame and the 
quality of the video or photo image. Organism identifications were confirmed 
where possible with colleagues and experts on California marine life to ensure 
accuracy. Only observations with an identification quality of 3 or higher were 
included in our analyses. 
 Organism sizes (total lengths) were estimated to the nearest 5 cm using the 
paired sizing lasers described above and grouped into 5 cm size classes. For 
fishes, these lengths were later converted to weights (kg) using size class 
midpoints and the length-weight relationship (LWR) 
 
!"#"$%&!
 
 Where W is weight of a fish in kg, L is the length of that fish in cm, and a 
and b are constants unique to individual fish species (Table 2). 
!Still images (and, occasionally, down-facing video) provided an opportunity 
to positively identify fish and invertebrates that were not possible to identify from 
forward-facing video alone. 
 Physical habitat data were collected separately. Each ROV transect was 
again watched from beginning to end, but during this phase of data collection 
organisms were ignored and the video was paused each second to record 
dominant habitat (> 50% of the video frame). Habitat was classified as one of the 
following types: rock, sand, or mixed. 
 Analytical approach. Variables associated with each transect (DFMPA 
presence/absence, percent rock, depth, and area surveyed) are reported in 
Table 3. Our analytical approach, described in more detail below, was to 
consider these variables as possible predictors of density, biomass, richness, 
and diversity. Sampling year was not included as a predictor variable in our 
analyses, as this study was not designed for temporal comparison (i.e. transects 
were not resampled in the second sampling year).  
 Site refers to the location at which each transect was conducted (either 
DFMPA or control). Percent rock was based on analysis of video-derived 
physical habitat data and represents the percentage of 1-second video frames on 
each transect that were classified as rock or mixed habitat. Mean transect depths 
were calculated from data generated by the ROV’s navigational sensors, which 
recorded depth every second while the ROV was on transect. In general, ROV 
transects closely followed bathymetric contours; depth did not vary substantially 
over the course of most transects. Area surveyed is reported as square meters 
sampled for each transect, calculated by multiplying transect length (in m) by 
transect width (assumed to be 1 m for all transects based on the field of view of 
the ROV’s cameras). 
 
  
 
Table 1. Focal species list and categorization. 
 
Rock-associated focal species 
Predatory fishes 
Lingcod (Ophiodon elongatus) 
California Sheephead (Semicossyphus pulcher) 
California Scorpionfish (Scorpaena guttata) 
Ocean Whitefish (Caulolatilus princeps) 
Bocaccio Rockfish (Sebastes paucispinis) 
Copper Rockfish (Sebastes caurinus) 
Olive/Yellowtail Rockfish (Sebastes serranoides/S. flavidus) 
Vermilion/Canary Rockfish (Sebastes miniatus/S. pinniger) 
Dwarf rockfishes 
Dwarf-Red Rockfish (Sebastes rufianus) 
Halfbanded Rockfish (Sebastes semicinctus) 
Squarespot Rockfish (Sebastes hopkinsi) 
Mobile invertebrates 
California Spiny Lobster (Panulirus interruptus) 
 Sand-associated focal species 
Predatory fishes 
Sanddab (Citharichthys spp.) 
Surfperch (Embiotocidae, multiple species) 
Mobile invertebrates 
California Sea Cucumber (Parastichopus californicus) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 2. Length-weight relationship parameter values and sources for focal fish species. 
 
 
 
 
 
 
Focal species a b  Reference Notes 
Lingcod (Ophiodon elongatus) 0.01330 3.0000 Fishbase 
 California Sheephead (Semicossyphus pulcher) 0.02890 3.0000 Fishbase 
 California Scorpionfish (Scorpaena guttata) 0.03300 2.9960 Fishbase 
 Ocean Whitefish (Caulolatilus princeps) 0.02390 3.0000 Fishbase 
 Bocaccio Rockfish (Sebastes paucispinis) 0.01321 3.0000 Fishbase 
 Copper Rockfish (Sebastes caurinus) 0.01746 3.0000 Fishbase 
 Olive/Yellowtail Rockfish (Sebastes serranoides/S. flavidus) 0.01080 2.9680 Fishbase 
 Vermilion/Canary Rockfish (Sebastes miniatus/S. pinniger) 0.03270 3.0000 Fishbase parameters for S. miniatus 
Dwarf-Red Rockfish (Sebastes rufianus) 0.01464 2.9840 Love et al. 1990 borrowed from S. hopkinsi 
Halfbanded Rockfish (Sebastes semicinctus) 0.01900 2.8100 Fishbase 
 Squarespot Rockfish (Sebastes hopkinsi) 0.01464 2.9840 Love et al. 1990 
 Sanddab (Citharichthys spp.) 0.00776 3.0757 Gartz 2004 parameters for C. stigmaeus 
Surfperch (Embiotocidae, multiple species) 0.06160 2.8640 FishBase parameters for E. jacksoni 
Table 3. Variables (name, year, site, percent rock, mean depth, and area surveyed) 
associated with ROV transects. 
 
Name Year Site 
Percent 
rock 
Mean depth 
(m) 
Area surveyed 
(m2) 
SCF01 2012 control 32.23 48.30 926.00 
SCF02 2012 control 54.20 43.80 912.00 
SCF03 2012 control 68.83 99.80 895.00 
SCF04 2012 control 61.16 83.00 917.00 
SCF05 2012 control 61.31 66.60 1045.00 
SCF06 2012 control 74.22 47.90 792.00 
SCF50 2013 control 74.45 57.00 857.00 
SCF51 2013 control 55.62 78.60 1276.45 
SCF52 2013 control 75.30 97.50 1279.92 
SCF55 2013 control 0.00 102.10 1244.87 
SCF60a 2013 control 82.64 83.20 371.12 
SCF60b 2013 control 82.60 78.20 411.31 
SCF60c 2013 control 49.83 74.20 482.25 
SCF53 2013 control 0.00 114.40 1205.81 
SCF54 2013 control 0.00 108.70 977.65 
SCG01 2012 DFMPA 65.14 56.90 1697.00 
SCG02 2012 DFMPA 85.71 41.80 1019.00 
SCG03 2012 DFMPA 78.98 42.50 763.00 
SCG04 2012 DFMPA 61.04 50.70 2393.00 
SCG05 2012 DFMPA 42.94 73.80 1926.00 
SCG06 2012 DFMPA 52.84 53.10 762.00 
SCG07 2012 DFMPA 29.81 53.10 775.00 
SCG50 2013 DFMPA 26.30 87.00 1350.03 
SCG51 2013 DFMPA 59.21 71.20 2274.02 
SCG52a 2013 DFMPA 80.73 47.90 924.70 
SCG52b 2013 DFMPA 58.98 67.90 1638.55 
SCG60 2013 DFMPA 0.00 101.40 1674.68 
SCG62 2013 DFMPA 0.00 111.80 774.50 
SCG57 2013 DFMPA 75.49 91.90 1942.82 
SCG58 2013 DFMPA 54.21 85.90 696.73 
SCG55 2013 DFMPA 56.20 153.00 1423.70 
SCG56 2013 DFMPA 71.38 201.40 1189.34 
SCG53a 2013 DFMPA 75.22 63.50 1288.85 
SCG53b 2013 DFMPA 65.35 46.80 751.09 
 
 
 
 
 
 To analyze potential relatedness between predictor variables, we conducted 
a Factor Analysis of Mixed Data (FAMD) using the package FactoMineR in R 
(Husson et al. 2016). FAMD is designed to analyze relationships among both 
continuous and categorical variables; it functions as a Principal Components 
Analysis (PCA) for continuous data (mean depth, percent rock, area surveyed) 
and a Multiple Correspondence Analysis (MCA) for categorical data (DFMPA 
presence/absence). Squared correlation coefficients determined degree of 
relatedness between variables. In conjunction with the FAMD, we compared 
mean percent rock and mean depth between control and DFMPA transects using 
one-way analysis of variance (ANOVA). 
 For species-level comparisons, densities were calculated by dividing total 
number of organisms on a given transect by total area of the transect. Biomass is 
also reported per area, calculated by dividing total weight of organisms on a 
given transect by total area of the transect. For community-level comparisons, 
standardized species richness was calculated by dividing total number of unique 
species on a given transect by the area of the transect. Standardized species 
diversity was calculated by first computing the Shannon-Weaver diversity index 
on a given transect, and dividing by the area of the transect. The Shannon-
Weaver index was used because it takes into account both numbers of species 
as well as their proportional abundances as a measure of diversity. 
 Density, biomass, richness, and diversity were assessed using the following 
generalized linear model with a log link function: 
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where Y is a random variable representing the ecological metric of interest, 
quasi-Poisson distributed with mean µ and variance !; P is a categorical variable 
representing DFMPA presence/absence, R is a continuous variable representing 
percent rock, and D is a continuous variable representing depth. Area surveyed 
was not considered as a predictor variable in this analysis as all ecological 
metrics were standardized by area prior to inclusion in the models. Models 
containing all possible combinations of predictor variables, including a null model, 
were compared using Akaike’s Information Criterion (AIC).  
 To explore differences in fish community composition between sites, we 
calculated Bray-Curtis dissimilarity indices between all possible transect pairs. 
The Bray-Curtis dissimilarity index (Bray & Curtis 1957) quantifies the 
dissimilarity in species composition between two sites, based on counts per area 
of unique fish species at each site. These calculations were based on all unique 
fish species observed along transects, not just the focal species considered in 
abundance and biomass comparisons. Bray-Curtis dissimilarity indices were 
used to conduct an analysis of similarity (ANOSIM) for fish communities between 
sites. 
 All statistical analysis was conducted using R statistical software and 
associated packages, version 2.14.1 (R Development Core Team 2011).  
 
 
Results 
 We conducted 15 transects (13593.39 m2 total) at the control site and 19 
transects (25264.01 m2 total) at the DFMPA site. We observed a total of 51688 
fishes, representing 64 distinct species or species groups. We also observed a 
total of 184 mobile invertebrates, representing 8 distinct species or species 
groups. We did not directly consider sessile invertebrates in our analysis but did 
encounter a wide variety of corals, sponges, sea whips, and sea pens in both 
years at both sites; these organisms likely play an important role in the 
distribution of demersal fishes and mobile invertebrates by providing structurally 
complex habitat and refuge from predators (Lindholm et al. 1999).  
 Both the control and DFMPA sites contained diverse fish and mobile 
invertebrate communities that were mostly found over rocky, rugose habitats in 
water shallower than 200 m. At the control site, Blackeye Gobies (Rhinogobiops 
nicholsii) were observed in the greatest numbers (N = 338), followed by 
Halfbanded Rockfish (Sebastes semicinctus, N = 221), members of the 
Sebastomus Rockfish complex (N = 138), and Squarespot Rockfish (Sebastes 
hopkinsi, N = 136). At the DFMPA site, Squarespot Rockfish were observed in 
the greatest numbers (N = 469), followed by roughly equal numbers of Blackeye 
Gobies (N = 377) and members of the Sebastomus Rockfish complex (N = 382), 
subsequently followed by California Sheephead (Semicossyphus pulcher, N = 
346), Señorita (Oxyjulis californica, N = 325), Bocaccio Rockfish (Sebastes 
paucispinis, N = 73), Rosy Rockfish (Sebastes rosaceus, N = 56), and members 
of the Olive/Yellowtail Rockfish complex (Sebastes serranoides/flavidus, N = 64).  
 Mobile invertebrate communities were also observed in abundance at both 
the control and DFMPA sites. Out of all mobile invertebrates observed, California 
Spiny Lobsters (Panulirus interruptus) were the most abundant at both the 
control site and the DFMPA site (N = 8 and N = 4, respectively). Other mobile 
invertebrates observed at both sites included Sea Cucumbers (Class 
Holothuroidea), Rock Crabs (Cancer spp.), and Mantis Shrimp (Order 
Stomatopoda, Suborder Unipeltata). 
 Factor Analysis of Mixed Data indicated that DFMPA presence/absence 
was correlated with sampling effort, and that percent rock was correlated with 
depth (Figure 5). However, neither percent rock nor depth were found to be 
correlated with DFMPA presence/absence, indicating that there were likely no 
significant differences in mean depth or mean percent rock between sites. This 
was confirmed by statistical comparison of mean percent rock between control 
and DFMPA transects (one-way ANOVA, F = 0.12, p = 0.73), and mean depth 
between control and DFMPA transects (one-way ANOVA, F = 0, p = 0.99). 
 
 
 
 
Figure 5. Factor Analysis of Mixed Data. Proximity on the graph indicates the degree of 
correlation between variables. Mean percent rock was found to be correlated with mean 
depth. DFMPA presence/absence was found to be correlated with area surveyed. However, 
DFMPA presence/absence was not found to be correlated with either percent rock or mean 
depth. 
 
 
0.0 0.2 0.4 0.6 0.8 1.0
0.
0
0.
2
0.
4
0.
6
0.
8
1.
0
Variables representation
Dim 1 (36.55 %)
Di
m
 2
 (3
1.
94
 %
)
DFMPA_presence_absence
percent_rock
mean_depth
area_surveyed_m2
 Focal species density and biomass comparisons. Mean densities and 
biomasses, as well as associated standard errors, are reported for all focal 
species in Tables 4—5 and Figures 6—9. Results of generalized linear model 
comparison are shown in Tables 6—7. DFMPA presence was found to be a 
significant predictor of increased California Sheephead density, California 
Sheephead biomass, and Ocean Whitefish biomass. For most other focal 
species, percent rock and/or depth were the only significant predictors of density 
and biomass. For a few species, no variables were found to be significant 
predictors of density or biomass (i.e. for these species the null model had the 
lowest AIC value). 
 
 
Table 4. Means and standard errors for focal species density at control and DFMPA sites. 
 
 
 
 
 
!
Control 
!
DFMPA 
!
 
Mean density 
(organisms/m2) 
Standard 
error 
 Mean density 
(organisms/m2) 
Standard 
error 
Rock-associated focal species !! !! !! !!
Predatory fishes !! !! !! !!
Lingcod 6.07E-04 2.43E-04 5.35E-04 2.56E-04 
California Sheephead 5.37E-03 2.43E-04 2.19E-02 7.23E-03 
California Scorpionfish 5.11E-04 3.17E-04 1.37E-04 9.41E-05 
Ocean Whitefish 1.23E-03 1.09E-03 1.65E-03 7.02E-04 
Bocaccio Rockfish 4.26E-03 1.67E-03 4.74E-03 1.10E-03 
Copper Rockfish 1.67E-03 6.87E-04 1.11E-03 1.10E-03 
Olive/Yellowtail Rockfish 1.49E-03 1.25E-03 3.14E-03 1.10E-03 
Vermilion/Canary Rockfish 2.06E-03 7.04E-04 1.93E-03 1.10E-03 
Dwarf rockfishes         
Dwarf-Red Rockfish 2.11E-02 1.24E-02 1.12E-02 7.52E-03 
Halfbanded Rockfish 6.99E-02 2.47E-02 3.87E-02 1.45E-02 
Squarespot Rockfish 2.30E-01 1.09E-01 3.78E-01 1.24E-01 
Mobile invertebrates         
California Spiny Lobster 7.02E-04 4.79E-04 2.53E-04 2.04E-04 
 
  
 
  
 Sand-associated focal species         
Predatory fishes         
Sanddab 6.07E-04 3.30E-04 4.01E-04 2.75E-04 
Surfperch 3.68E-03 1.04E-03 3.31E-03 9.06E-04 
Mobile invertebrates         
Sea Cucumber 3.16E-04 2.56E-04 3.96E-04 1.66E-04 
 
 
Table 5. Means and standard errors for focal species biomass at control and DFMPA sites. 
 
!
Control 
!
DFMPA 
!
 
Mean biomass 
(kg/m2) 
Standard 
error 
Mean biomass 
(kg/m2) 
Standard 
error 
Rock-associated focal species !! !! !! !!
Predatory fishes !! !! !! !!
Lingcod 4.66E-04 1.95E-04 5.26E-04 1.95E-04 
California Sheephead 1.34E-03 6.91E-04 1.14E-02 3.29E-03 
California Scorpionfish 2.56E-04 1.76E-04 1.02E-04 7.98E-05 
Ocean Whitefish 1.21E-04 8.33E-05 1.15E-03 4.99E-04 
Bocaccio Rockfish 3.62E-03 2.12E-03 3.10E-03 8.15E-04 
Copper Rockfish 8.14E-04 4.51E-04 5.72E-04 2.50E-04 
Olive/Yellowtail Rockfish 4.51E-04 2.89E-04 1.81E-03 8.37E-04 
Vermilion/Canary Rockfish 2.37E-03 1.33E-03 2.79E-03 8.08E-04 
Dwarf rockfishes         
Dwarf-Red Rockfish 1.68E-04 7.74E-05 8.64E-05 5.48E-05 
Halfbanded Rockfish 1.06E-03 4.04E-04 7.54E-04 3.05E-04 
Squarespot Rockfish 6.06E-03 2.96E-03 1.10E-02 4.11E-03 
 
!!
!
!!
!Sand-associated focal species !! !! !! !!
Predatory fishes !! !! !! !!
Sanddab 1.69E-05 9.03E-06 3.92E-05 3.29E-05 
Surfperch 2.80E-04 9.68E-05 3.08E-04 9.87E-05 
 
 
 
Figure 6. Comparison of rock-associated predatory fish density and biomass between 
sites. Abbreviations: LCOD = Lingcod, CASH = California Sheephead, CASC = California 
Scorpionfish, OCWF = Ocean Whitefish, BCAC = Boccacio Rockfish, COPP = Copper 
Rockfish, OLYT = Olive/Yellowtail Rockfish, VRMLCNRY = Vermilion/Canary Rockfish. 
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Figure 7. Comparison of dwarf rockfish density and biomass between sites. Abbreviations: 
DRRF = Dwarf-Red Rockfish, HFBD = Halfbanded Rockfish, SQSP = Squarespot Rockfish. 
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Figure 8. Comparison of sand-associated predatory fish density and biomass between 
sites. Abbreviations: SDB = Sanddab, PRCH = Perch. 
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Figure 9. Comparison of mobile invertebrate density between sites. Abbreviations: LBSTR 
= California Spiny Lobster, CUKE = California Sea Cucumber. 
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Table 6. GLM results for focal species density. 
 
 
Variable Coefficient p-value df AIC AICc AICw 
Rock-associated focal species               
Predatory fishes               
Lingcod       3 -381.03 -380.25 0.51 
 
Percent rock 1.36E-05 1.86E-02 
    California Sheephead       5 -164.40 -162.25 0.50 
 
DFMPA presence/absence 1.58E-02 2.86E-02 
    
 
Percent rock 2.58E-04 6.47E-02 
    
 
Depth -3.19E-04 5.63E-03 
    California Scorpionfish       2 -379.20 -378.81 0.34 
 
NA 
      Ocean Whitefish       3 -286.08 -285.28 0.38 
 
Depth -3.66E-05 4.53E-02 
    Bocaccio Rockfish       3 -258.65 -257.85 0.46 
 
Percent rock 8.67E-05 1.33E-02 
    Copper Rockfish       3 -322.70 -321.90 0.23 
 
Percent rock 2.28E-05 8.64E-02 
    Olive/Yellowtail Rockfish       2 -254.65 -254.27 0.26 
 
NA 
      Vermilion/Canary Rockfish       4 -315.89 -314.51 0.47 
 
Percent rock 4.17E-05 7.87E-03 
    
 
Depth 2.33E-05 5.49E-02 
    Dwarf rockfishes               
Dwarf-Red Rockfish       2 -119.73 -119.34 0.31 
 
NA 
      Halfbanded Rockfish       3 -76.12 -75.32 0.27 
 
Depth 8.99E-04 2.62E-02 
    Squarespot Rockfish       2 51.09 51.47 0.38 
 
NA 
      Mobile invertebrates               
California Spiny Lobster       3 -348.90 -348.10 0.32 
 
Depth -1.24E-05 8.48E-02 
     
 
Table 6 cont’d. GLM results for focal species density. 
 
 
Variable Coefficient p-value df AIC AICc AICw 
Sand-associated focal species               
Predatory fishes               
Sanddab       3 -380.15 -379.35 0.50 
 
Percent rock -3.31E-05 1.20E-06 
    Surfperch       2 -277.30 -276.91 0.40 
 
NA 
      Mobile invertebrates               
Sea Cucumber       2 -382.22 -381.84 0.38 
 
NA 
        
Table 7. GLM results for focal species biomass. 
 
 
Variable Coefficient p-value df AIC AICc AICw 
Rock-associated focal species               
Predatory fishes               
Lingcod       3 -384.10 -383.32 0.44 
 
Percent rock 1.16E-05 3.41E-02 
    California Sheephead       5 -216.69 -214.55 0.57 
 
DFMPA presence/absence 9.69E-03 4.77E-03 
    
 
Percent rock 1.19E-04 6.64E-02 
    
 
Depth -1.34E-04 1.13E-02 
    California Scorpionfish       2 -414.98 -414.60 0.32 
 
NA 
      Ocean Whitefish       4 -336.26 -334.88 0.19 
 
DFMPA presence/absence 1.03E-03 7.18E-02 
    
 
Depth -1.35E-05 1.14E-01 
    Bocaccio Rockfish       3 -252.79 -251.99 0.47 
 
Percent rock 8.97E-05 1.82E-02 
    Copper Rockfish       2 -347.48 -347.09 0.33 
 
NA 
      Olive/Yellowtail Rockfish       3 -299.44 -298.64 0.23 
 
Percent rock 3.12E-05 9.56E-02 
    Vermilion/Canary Rockfish       4 -280.73 -279.35 0.72 
 
Percent rock 7.52E-05 4.57E-03 
    
 
Depth 5.87E-05 5.32E-03 
    Dwarf rockfishes               
Dwarf-Red Rockfish       3 -460.71 -459.91 0.26 
 
Percent rock 2.67E-06 1.25E-01 
    Halfbanded Rockfish       4 -349.38 -348.00 0.32 
 
Percent rock 1.51E-05 1.03E-01 
    
 
Depth 1.77E-05 1.85E-02 
    Squarespot Rockfish       2 -184.36 -183.98 0.38 
 
NA 
       
  
Table 7 cont’d. GLM results for focal species biomass. 
 
 
Variable Coefficient p-value df AIC AICc AICw 
Sand-associated focal species               
Predatory fishes               
Sanddab       3 -527.14 -526.34 0.50 
 
Percent rock -1.87E-06 6.25E-03 
    Surfperch       2 -432.38 -431.99 0.35 
 
NA 
        
 Community-level differences. Mean species richness and species 
diversity per area surveyed, as well as associated standard errors, are reported 
for both sites in Table 8 and Figure 10. Results of generalized linear model 
comparison are shown in Table 9. Generalized linear model comparison 
indicated that DFMPA presence/absence and percent rock were significant 
predictors of richness, with a negative relationship between DFMPA presence 
and richness, while only depth was a significant predictor of diversity (Table 9). A 
non-metric multidimensional scaling plot based on Bray-Curtis dissimilarity 
indices showed no significant transect clustering based on DFMPA 
presence/absence (Figure 11), a finding confirmed by analysis of similarity (R = 
0.031, p = 0.18). These results indicated that fish communities were not 
significantly different between sites. 
 
 
 
 
Table 8. Means and standard errors for species richness and species diversity at control 
and DFMPA sites. 
 
 
Control 
 
DFMPA 
!  Mean Standard error Mean Standard error 
Species richness (organisms/m2) 2.29E-02 2.92E-03 1.74E-02 1.52E-03 
Species diversity (Shannon index/m2) 1.68E-03 2.28E-04 1.34E-03 1.85E-04 
 
  
 
 
 
 
Figure 10. Comparison of species richness and species diversity between sites. 
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Table 9. GLM results for mean standardized species richness and mean standardized 
Shannon-Weaver diversity index. 
 
 
  Variable Coefficient p-value df AIC AICc AICw 
Species richness       4 -234.69 -233.44 0.63 
!
DFMPA 
presence/absence -6.20E-03 1.82E-02 
! ! ! !
!
Percent rock 2.00E-04 1.00E-04 
! ! ! !Species diversity       3 -382.10 -381.30 0.24 
!
Depth -6.68E-06 1.29E-01 
! ! ! !   
 
Figure 11. Non-metric multidimensional scaling plot based on Bray-Curtis dissimilarity 
indices between control and DFMPA transects. On this plot transects are not clustered 
according to site, suggesting that fish community composition was not significantly 
different between sites. This finding was confirmed by analysis of similarity. 
 
 
 
Discussion  
This study demonstrates that DFMPAs can provide conservation benefits 
similar to those of MPAs. We were able to document a positive DFMPA effect on 
density and biomass for some focal species (California Sheephead and Ocean 
Whitefish). At the community level, however, we were unable to document any 
positive DFMPA effects on species richness, species diversity, or fish community 
dissimilarity. However, it is important to consider these results in the context of 
recovery time—the DFMPA site in question was closed to civilians only two years 
before the beginning of this study. Given that fact, we believe our results most 
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likely capture the beginning of an ecological trajectory in which the DFMPA site 
will continue to recover toward a more “pristine” ecological state. These findings 
are important not only for the management of the waters surrounding San 
Clemente Island, which include several military restricted areas that likely 
function as DFMPAs, but also for marine spatial planning efforts across California 
and worldwide. 
 Unlike previous studies that have discussed the potential contributions of 
DFMPAs to marine conservation (e.g. Roberts et al. 2001), we conducted an 
explicit spatial comparison of a DFMPA with a fished control site. We expected 
reduced fishing pressure in the DFMPA to result in conservation benefits similar 
to those that have been documented in a wide variety of MPAs across the globe 
— namely, increased abundance and biomass of certain fish and invertebrate 
species, especially top predators, as well as increased species richness and 
diversity at the community level (Boersma and Parrish 1999, Paddack and Estes 
2000, Palumbi 2001, Halpern 2003, Micheli et al. 2004, DeMartini et al. 2008, 
Lester and Halpern 2008). At the focal species level, we saw extremely clear 
support for this hypothesis in California Sheephead, which exhibited a ten-fold 
increase in both density and biomass at the DFMPA site. The fact that this 
particular species experienced dramatically positive effects as a result of spatial 
protection is unsurprising. California Sheephead are highly sought after by both 
commercial and recreational anglers; large males are preferred targets for 
fishermen due to their size, curious nature, and distinctive black, red, and white 
coloration (Adreani et al. 2004, Topping et al. 2006). However, large males also 
monopolize access to female Sheephead, so their removal can dramatically 
reduce the species’ overall reproductive rate in fished areas (Adreani et al. 2004, 
Hamilton et al. 2011). This effect is compounded by the fact that Sheephead are 
protogynous sequential hermaphrodites, which means that in the absence of a 
male reproduction is halted until a female can transition sexes and take its place 
(Hamilton et al. 2011).  
California Sheephead were the only organisms to exhibit a positive 
relationship between DFMPA presence and both density and biomass. Biomass 
of Ocean Whitefish was significantly higher at the DFMPA site, but density of 
Ocean Whitefish was not. These results indicate that individuals of this species at 
the DFMPA site were substantially larger than their counterparts at the control 
site, a finding consistent with a number of studies showing an increase in mean 
body size following a reduction in fishing pressure in protected areas 
(summarized in Lester et al. 2009). In fact, the presence of larger fish inside a 
protected area may actually reduce abundance of that fish species if the 
individuals are territorial and require more space (Paddack and Estes 2000). 
From a marine management perspective, this is an important consideration 
because larger fish generally mean more fecundity, more potential spillover, and 
more potential increase in fishery yield (Paddack and Estes 2000, Worm et al. 
2006, Anderson et al. 2008, Worm et al. 2009). 
At the community level, we did not find support for the hypothesis that 
species richness and species diversity would be higher at the DFMPA site than 
at the control site. DFMPA presence was not found to be a significant predictor of 
higher species diversity, and in fact, DFMPA absence was found to be a 
significant predictor of higher species richness. The increase in richness at the 
control site may be due to the moderate level of fishing pressure that control 
marine communities experience. These communities are mostly fished 
recreationally, so they do not experience the same level of disturbance as highly 
exploited commercial fishing grounds. In marine communities, an intermediate 
level of disturbance can increase overall species richness by preventing 
competitive dominance by a single or few species (Connell 1961). This pattern 
did not hold true for species diversity, however; the only significant predictor of 
diversity was depth. 
Also at the community level, analysis of similarity based on Bray-Curtis 
dissimilarity indices between transects indicated that fish community composition 
did not differ significantly between sites (Figure 11). This was consistent with our 
qualitative observations in the field that fish communities at both sites were, for 
the most part, dominated mostly by the same species. 
 How should these somewhat ambiguous results be interpreted? As with 
any inside/outside comparison, it is important to first address the issue of spatial 
heterogeneity—perhaps the DFMPA site is simply “better” for certain species in 
terms of habitat, oceanographic conditions, or other factors besides fishing 
pressure. To account for this question, we conducted a Factor Analysis of Mixed 
Data to assess the degree of relatedness between predictor variables (Figure 5). 
The correlation observed between DFMPA presence/absence and area surveyed 
is consistent with the fact that more area was surveyed at the DFMPA site than 
at the control site, an issue corrected for by standardizing all ecological metrics 
by area surveyed. The observed correlation between percent rock and depth is 
consistent with the fact that the deepest transects conducted were all conducted 
over sand (Figure 4, Table 3). Neither depth nor substrate type, however, were 
found to be correlated with DFMPA presence/absence. This was confirmed by 
statistical comparison of mean depth and mean percent rock between sites. 
These findings allowed us to be confident that the DFMPA and control sites were 
reasonably confident in terms of habitat, an important consideration given the 
fact that depth and percent rock were found to be significant predictors of many 
of the ecological metrics we examined. Further study using advanced habitat 
suitability modeling techniques (e.g. Young et al. 2010) would allow for a more 
fine-scale comparison of suitable habitat for focal species between sites. 
Lack of ecological differences between sites may also be a result of 
spillover. Spillover from protected areas into unprotected waters is a documented 
phenomenon and is widely acknowledged as an economic benefit of spatial 
protection (Roberts et al. 2001, Gell and Roberts 2003, Harmelin-Vivien et al. 
2008, Halpern et al. 2009). However, spillover may confound spatial comparison 
if organisms are exported from a protected site to a control site. This confounding 
factor is especially important to consider when the protected and control sites are 
close together; in this case, the two sites share a common border (Figure 2). The 
possibility of spillover suggests that nonsignificant differences in densities and 
biomasses of certain species between the control and DFMPA sites should not 
necessarily be interpreted to mean that the DFMPA is ineffective at protecting 
those species. Including more of SCI’s DFMPA and control sites in a similar 
ecological analysis would help to resolve this question. 
In any discussion about DFMPAs, it is important to consider the reason for 
DFMPA establishment. Unlike MPAs, DFMPAs are generally not managed to 
achieve conservation goals. Therefore, DFMPAs may have positive, negative, or 
neutral effects on marine communities, depending on the type and amount of 
human activity conducted within their boundaries. DFMPAs also may not confer 
the same type of economic benefits as formal MPAs, especially as far as non-
extractive use (e.g. tourism) is concerned. The DFMPA examined in this study is 
no exception to this rule. However, it is highly unlikely that any military activity 
conducted inside this particular DFMPA has directly adverse effects on marine 
life. Environmental impact studies conducted at SCI have found that the Navy’s 
activities have negligible impact on marine species and habitats at SCI (Southern 
California Range Complex EIS 2008, Hawaii-Socal Training and Testing 
EIS/OEIS 2013). In fact, because fishing places such substantial pressure on 
marine ecosystems, any effects of military activity inside the DFMPA are likely to 
be substantially less important from a conservation perspective than the 
reduction of fishing pressure.  
Despite these considerations, our findings likely represent the beginning of 
an ecological trajectory that will become more apparent after further recovery 
time. ROV surveys at SCI began only two years after the DFMPA in question 
was closed to all extractive civilian use. It is likely that this does not represent 
enough time for marine communities to exhibit a community-wide positive 
response to reduced fishing pressure. While some studies have shown rapid 
recovery of fished populations within MPAs, others have been less conclusive, 
likely due to the dependency of short-term population trajectories on life history 
and fishing mortality rates unique to individual species (Halpern and Warner 
2002, Halpern 2003, White et al. 2013). For this reason, reserve and non-reserve 
sites often look very similar shortly after the implementation of spatial protection, 
diverging ecologically only after a significant amount of recovery time (Fenner 
2012). 
 Understanding the contribution of DFMPAs to marine conservation is critical 
in the broader context of marine spatial planning, both at San Clemente Island 
and beyond. San Clemente’s waters include several large restricted areas, some 
of which are permanently closed (Zone G, explored in this study, and Zone 
W/Wilson Cove on the eastern side of the island) and some of which are only 
transiently closed (the Shore Bombardment Area in Zone D on the southern tip of 
the Island). These areas likely confer conservation benefits similar to those 
described here. More broadly, California’s MPA system is designed to be 
managed as an ecologically cohesive network, but there is currently no 
information about how DFMPAs may contribute to that network. Such information 
is critical for adaptive, ecosystem-based management. Moreover, management 
agencies responsible for DFMPAs may be interested in modifying or 
strengthening existing regulations to achieve both the primary goal of the DFMPA 
and the secondary goal of marine conservation. 
 The implications of our results are far-reaching from a global perspective. 
The findings presented here indicate that although DFMPAs are highly variable in 
their reason for establishment, limitations on human use, and enforcement of 
those limitations, they may provide conservation benefits quite similar to those of 
MPAs. It is possible that more of the world’s ocean than previously thought may 
be receiving some level of protection. 
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